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Abstract
The scalar potential of recombination fields of magnetized branes in Type IIB orien-
tifold compactifications is analyzed in the absence of any closed string fluxes. Considering
its perturbative F and D-term contributions in a quadratic approximation, we present the
conditions for which its minima are supersymmetric. We show that for reasonable conditions
on the spectrum, both metric moduli and recombination fields can be stabilized. We then
provide explicit examples of compact manifolds where a Minkowski vacuum is realized in a
Higgs phase. The vacuum energy is zero and some charged scalars acquire a vev. We then ad-
dress the question of supersymmetry breaking. The scalar potential for recombination fields
is analyzed when supersymmetry is broken by F and D-term. We show that locally stable
vacua can exist at the classical level. These are formed by a hidden supersymmetric sector
that fixes metric moduli and recombination fields and a visible sector where supersymmetry
is spontaneously broken.
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1 Introduction
String theory is known to possess a large number of vacua which reproduce the basic properties
of the standard model of particle physics [1]. In particular in Type IIB string theory, gauge
group, chirality and family replication, can be described by magnetized branes [2, 3]. However,
these vacua generally depend on continuous parameters that correspond to vacuum expectation
values (vev) of so-called moduli fields, characterizing for instance the size and shape of the com-
pactification manifold. These are perturbatively flat directions of the scalar potential. However,
precision measurements of the principle of equivalence strongly constraint the existence of light
scalars [4]. Moreover, the strengths of the interactions and the mass spectrum in the low energy
effective action of string theories depend on the vev of these moduli, leading to a loss of predic-
tivity. It is therefore of great interest to understand the mechanism of stabilization of the string
vacuum.
Similarly, flat compactifications of type II orientifolds contain a number of massless scalar
states in the open string sector. They describe either the geometrical deformations of single
branes, Wilson lines or the recombination of brane configurations. The lifting of a potential and
the existence of non-trivial minima for these fields are of great importance, since linked with the
Higgs sector of the standard model. For geometrical moduli, stabilization mechanisms have been
proposed in [5–7]. Here, we focus on perturbative stabilization of the recombination fields.
In Type IIB orientifold compactifications, these are associated with the lowest excitations of
open strings stretched between two distinct magnetized branes [2, 3]. In the bifundamental or
(anti)-symmetric representation of the gauge group, they are generically massive or tachyonic,
indicating an unstable vacuum. However, for suitable choices of the magnetic fluxes and volume
moduli, the lightest mode becomes massless and supersymmetry is restored [8,9]. We show here
that magnetized branes perturbatively generate a potential for the recombination fields as well
as the metric moduli. Their masses are strictly positive and their vev are stabilized at non-zero
values.
To that end, combined effects of the F and D-terms in the scalar potential are considered,
similarily as [10]. Yet, only perturbative contributions to the potential in absence of closed
string fluxes are considered here. It is indeed well known that trilinear terms appear in the
superpotential of the magnetized branes’ effective action [11]. Aside from Yukawa couplings,
this induces quartic couplings in the scalar potential that depend exclusively on the complex
structure. Similarly, for each anomalous abelian factor of the gauge group, there exists a Fayet-
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Iliopoulos (FI) parameter in the D-term. [12,13]. Thanks to its Ka¨hler dependance, it has already
been shown that Ka¨hler moduli can be perturbatively stabilized in absence of any recombination
fields [14]. However, pure D-term stabilization leads to flat directions which correspond to
combinations of the open string and Ka¨hler moduli [15].
These flat directions can also be lifted in a supersymmetric vacuum where all F and D-terms
vanish. Under minimal assumptions on the flavor spectrum, most of the recombination fields
are stabilized at zero vev by F -flatness conditions. The remaining ones are in turn stabilized
by D-flatness conditions at non-zero values. All of them then acquire a positive mass. Since
some scalars have non-zero vevs, the gauge group is spontaneously broken. Geometrically, this
may be described by the recombination of different stacks of branes that correspond, in the
T-dual picture, to instanton transitions of branes at angles [15]. Moreover, when the number of
supersymmetry constraints is bigger than the number of recombination fields, the consistency of
the different D-flatness conditions also restricts the Ka¨hler moduli [14,16,17]. Finally, F -flatness
conditions arising from geometrical moduli restrict the complex structure.
Note that no three-form fluxes are needed here. They would induce soft terms in the super-
potential that may lead, together with D-terms, to perturbative Ka¨hler moduli stabilization [18],
but are strongly constrained by Freed-Witten anomaly [19]. Therefore there exists, in a Higgs
phase, configurations of branes that satisfy all RR tadpole conditions and stabilize most of the
recombination and metric moduli in a supersymmetric vacuum. The presence of magnetized
branes then not only determines the gauge symmetry breaking pattern, but also the size and
shape of the underlying geometry, confirming the mechanism proposed by [16,17].
Beyond this global minimum, there may exist local minima. Indeed, other configurations of
magnetized branes exist for which supersymmetry cannot be globally restored. The system of
supersymmetric conditions arising from distinct stacks of branes is overconstrained. In this case,
there are no supersymmetric vacua. Yet, we will show that there are points in the closed string
moduli space where classically stable non-supersymmetric vacua appear. These local minima
are made of two sectors that we will designate as visible and hidden. In the first one, all F and
D-terms vanish and supersymmetry is restored. Similarly to the previous case, recombination
fields and metric moduli are stabilized but the supersymmetric sector does not satisfy all tadpole
conditions by itself. In order to form a consistent vacuum, a second sector is then added.
For some flux quanta, supplementary F and D-flatness conditions are incompatible with the
initial one. Supersymmetry is then broken. Most of the supersymmetry breaking configurations
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of magnetized branes have tachyonic directions in the open string sector. However, there are
windows in the closed string moduli space where all recombination fields of the hidden sector
acquire a positive mass. Classically, the configuration is then stable.
These kinds of models belong to the class of non-supersymmetric tachyon-free constructions
that are possible in a small window of the Ka¨hler moduli space. However, even if all RR-
tadpoles are cancelled, the supersymmetry breaking implies a non-vanishing tadpole for the
dilaton. Indeed the value of the scalar potential at these local minima are positive. Since
it comes from a disk amplitude, it corresponds to a runaway potential for the dilaton. This
problem may be turned into an advantage. Combined with effects on different orders in the
string amplitude, a dilaton stabilization and a potential uplift may be achieved [10,20]. Yet, this
goes beyond the scope of this work and will be discussed in [20].
The article is organized in the following way: In section 2, the basic idea of moduli stabi-
lization by F - and D-terms in field theory is introduced. It is shown how FI-parameters are
constrained in a supersymmetric vacuum, but also under what conditions a non-supersymmetric
vacuum may exist. In section 3, we then present how this idea may be implemented to magne-
tized branes in Type IIB orientifold compactifications. Both the spectrum and the dependance
of the trilinear coupling and FI-parameters on the closed string moduli and flux quanta, and the
constraints on the flux coming from the tadpole conditions are reviewed. The structure of the
scalar potential is presented in section 4 in the string compactification as well as its minima and
mass terms. Finally, explicit examples of supersymmetric are given in section 5.
2 Basic Setup
In this section, basic ingredients for stabilization of open string moduli are presented. We aim
at showing that the typical scalar potential that appears in the effective action of magnetized
branes may achieve a full stabilization of open string moduli by the combined effects of F and
D-terms. Trilinear couplings in the superpotential and non-vanishing FI-terms in the D-terms
give rise to positive mass for the open string moduli. Depending on the values of the FI-terms
and trilinear coupling constants, both supersymmetric and non-supersymmetric vacua can be
achieved in a Higgs phase. To this end, the gauge symmetry is chosen to be a product of unitary
groups and the matter content is either in bifundamental or antisymmetric representations. For
both cases, we show how they acquire a non-vanishing vev and a positive mass.
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φ12 φ31 φ23
U(1) 1 −1 0
U(1) −1 0 1
U(1) 0 1 −1
Table 1: Triangle of chiral fields in bifundamental representations of abelian gauge groups.
Note that the gauge groups considered here are anomalous in general. However, since the
mechanism presented here will be embedded in a string construction, the corresponding gauge
bosons will acquire a mass via the Green-Schwarz (GS) mechanism [2].
2.1 Supersymmetric vacua
Let us consider first the easiest theory that possesses a supersymmetric vacuum in which all
charged fields acquire a positive mass. It is formed by the product of three abelian gauge groups
G1 = U(1) × U(1) × U(1) with chiral fields in bifundamental representations as given in Table
1. The most general tree-level superpotential consistent with the symmetries G is given by the
trilinear term
W = W123 φ12φ23φ31 , (2.1)
while the D-term for each U(1) factor reads
Da =
(
3∑
i=1
qai |φi|2 + ξa
)
, a = 1, 2, 3 , (2.2)
where ξa are the FI-parameters and qai = ±1 the charges of the fields φi in respect to the a-th
abelian factor. Assuming a canonical Ka¨hler potential, F and D- flatness conditions ∂iW =
W = 0 and Da = 0, ∀a, i = 1, 2, 3 can only be satisfied if the FI-parameters satisfy
ξ3 = 0 and ξ1 = −ξ2 < 0 . (2.3)
In this case, the charged fields φi have a minimum at
〈φ31〉 = 〈φ23〉 = 0 and 〈|φ12|2〉 := v2 = −ξ1 . (2.4)
where their masses are determined by the trilinear coupling W123 and the FI-parameter ξ1 as
M2φ31 ∼ |W123|2|ξ1| , M2φ23 ∼ |W123|2|ξ1| , M2φ12 ∼ |ξ1| . (2.5)
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In this toy model, a supersymmetric vacuum exists only if the FI-parameters are in the domain
(2.3). The full moduli space is then restricted to a point at which one of the three scalars obtains
a non-vanishing vev and a mass that are proportional to the non-vanishing FI-parameters. The
masses of the two remaining fields are also proportional to the trilinear coupling. Indeed, for
magnetized branes, the FI-parameters depend on the volume moduli. The constraints (2.3) can
therefore be interpreted as conditions on the volume moduli. The combined effects of F and D-
terms then lead to the stabilization not only of the twisted open string moduli but also of the
Ka¨hler moduli.
Note that a hierarchy in the scalar mass spectrum may exist. Indeed, contrarily to the Higgs
fields, the scalar fields whose vev is stabilized at zero values depend on the trilinear coupling h2.
For instance, very small h2 would imply Higgs masses much larger than the other scalar masses.
The first example was restricted to three abelian gauge symmetry with a minimal number of
matter fields in bifundamental representations (Na, N¯b), which are typically of compactifications
of magnetized branes in Type IIB compactifications. In orientifold compactifications however,
another class of interesting chiral fields arises. These are either in bifundamental (Na,Nb)
or (anti)-symmetric (Aa) Sa representations of the gauge group. The stabilization mechanism
remains similar, but the restrictions on the FI-parameters change drastically. Let us postpone
the discussion on antisymmetric representations and analyze the square of abelian gauge groups
G = U(1)×U(1)×U(1)×U(1) with chiral fields in all possible bifundamental representations as
given in Table 2. The most general D-term remains identical as in eq (2.2), but the superpotential
reads
W (4) =
∑
i,k
W ik1 φ12φ
k
23φ
i
31 +
∑
j,m
W jm2 φ12φ
m
24φ
j
41
+
∑
i,k
W i
?k?
1? φ12φ
i?
23?φ
k?
3?1 +
∑
j,m
W j
?m?
2? φ12φ
m?
24?φ
j?
4?1 , (2.6)
where the indices i, j, k,m and i?, j?, k?,m? denote the flavor of the different matter fields. For
instance, i = 1, . . . , I31 and i? = 1, . . . , I3?1, where Iab and Ia?b are defined to be the number of
flavors in (Na, N¯b) and (Na,Nb).
In this theory, there exists a supersymmetric vacuum where four charged fields remain uncon-
strained by the F -flatness conditions. Take for instance φ12, φ12? , φ34 and φ34? . These fields
acquire a positive mass and a non-vanishing vev from the four D-terms that reads
〈|φ12? |2〉 ∼ ξ2 − ξ1 and 〈|φ12|2〉 ∼ −ξ1 − ξ2
〈|φ34|2〉 ∼ ξ4 − ξ3 and 〈|φ34? |2〉 ∼ −ξ4 − ξ3 ,
(2.7)
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φ12 φ
i
31 φ
j
41 φ
k
23 φ
m
24 φ34 φ12? φ
i?
3?1 φ
j?
4?1 φ
k?
23? φ
m?
24? φ34?
U(1) 1 -1 -1 0 0 0 1 -1 -1 0 0 0
U(1) -1 0 0 1 1 0 1 0 0 1 1 0
U(1) 0 1 0 -1 0 1 0 -1 0 1 0 1
U(1) 0 0 1 0 -1 -1 0 0 -1 0 1 1
Table 2: All possible bifundamental matter φab and φab? in (Na, N¯b) and (Na,Nb) representations
of four abelian gauge factors. The upper indices i, j, k,m and i?, j?, k?,m? are flavor indices.
while all other fields are stabilized at zero vev from F -terms with masses given by
M2ii′ ∼ 〈|φ12|2〉
(
W1W
†
1
)
ii′
, M2kk′ ∼ 〈|φ12|2〉
(
W T1 W
?
1
)
kk′
M2jj′ ∼ 〈|φ12|2〉
(
W2W
†
2
)
jj′
, M2mm′ ∼ 〈|φ12|2〉
(
W T2 W
?
2
)
mm′
(2.8)
and similarily for the other fields in (Na,Nb) representations. The constrains on FI-parameters
ξa are different than in eq (2.3). Here, the positivity of the vevs of eq (2.7) demands that
ξ2i ± ξ2i−1 < 0 for i = 1, 2 (2.9)
A full stabilization of the open string moduli is then possible under a few assumptions. On one
hand, there must only be a single flavor in (N2i−1, N¯2i) and (N2i−1, N¯2i) representations, for
i = 1, 2. Indeed, their stabilization is achieved by D-terms. The number of stabilized fields can
therefore be at most the number of abelian factors. Additional flavors in these representations
would remain flat directions of the scalar potential. The number of flavors in other representations
can however be arbitrary, since a mass for each of them will be lifted by F -terms. On the other
hand, the FI-parameters of the different U(1)a-factors must be in domain (2.9). This has an
importance consequence on the Ka¨hler moduli stabilization that will be discussed in section 4.1
Let us now present the stabilization of antisymmetric scalars. They are present in the spec-
trum only if the gauge group is SU(N), for N ≥ 2. Let us therefore consider the gauge symmetry
G = U(1)× [SU(2)× U(1)] with chiral fields φ12, φ2?1 and φ2 2? in (1, 2¯), (−1, 2¯) and A2 repre-
sentations respectively, the superpotential reads
W = h φ12φ2?1φ22? , (2.10)
where the terms have been correctly antisymmetrized. By F -flatness conditions, the fields φ12
and φ2?1 have zero vev and consequently, the D-flatness conditions constrain the antisymmetric
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field φ22? to have a non-vanishing vev and the FI-parameters to be in the domain where
ξ1 = 0 and 〈|φ22? |2〉 = −ξ22 > 0 . (2.11)
2.2 Non-supersymmetric vacua
Let us now analyze the possibility that the typical perturbative potential of magnetized branes
has locally stable minima where supersymmetry is broken by F and D terms. In the parameter
space where FI-parameters ξa do not sit in domains (2.7) or (2.11), no supersymmetric vacua
exist. Even if one may expect that non-supersymmetric configurations are not stable, we will
see here that there are points of the parameter space where the vacua are non-supersymmetric
and where all charged fields classically acquire a positive mass. This depends on the parameter
space spanned by the trilinear couplings W ijk and FI-parameters ξa.
Let us first restrict to the case of three abelian symmetries with (Na, N¯b) bifundamental
matter fields. We analyze the vacua where 〈W 〉 = 0. In this case, the scalar potential
V (φi) = h2 |φ12|2|φ31|2 +
(|φ12|2 − |φ31|2 + ξ1)2 + (−|φ12|2 + ξ2)2 + (|φ31|2 + ξ3)2(2.12)
for the superpotential (2.1) and spectrum given in Table 1 possesses a minimum when the FI-
parameters and trilinear coupling are in a domain where
(
h2 + 2
)
(ξ3 − ξ1) > 4(ξ1 − ξ2) , (ξ2 − ξ3) > 0 and h2 < 6 . (2.13)
The coupling constant h2 is defined as h2 = |W123|2. Note that to make it simple, it is assumed
that all gauge couplings are the same, ga ≡ g = 1. The charged fields are fixed at the values
〈φ23〉 = 0 and
1
2(h
2 + 2)(6− h2)〈|φ12|2〉 = h2(ξ3 − ξ1) + 4(ξ2 − ξ1)− 2(ξ3 − ξ1) .
1
2(h
2 + 2)(6− h2)〈|φ31|2〉 = h2(ξ1 − ξ2) + 4(ξ1 − ξ3)− 2(ξ1 − ξ2)
(2.14)
At this point of the moduli space, the eigenvalues of the mass matrix
M2φ23 ∼ (〈D2〉 − 〈D3〉) > 0
M212,31 ∼
(〈|φ1|2〉+ 〈|φ2|2〉) (1±√1− ) > 0 where
 = 〈|φ1|
2〉〈|φ2|2〉
〈|φ1|2〉+〈|φ2|2〉(2 + h
2)(6− h2) < 1 .
(2.15)
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are all positive. The F-term of the field φ23 does not vanish, Fφ23 6= 0 while the D-term of all three
abelian factors is also non-zero. Supersymmetry is then spontaneously broken. It is therefore
interesting to note that this sector is classically stable even if supersymmetry is spontaneously
broken. Yet, in the domain where the ξa’s and h2 satisfy eq. (2.13), the scalar potential receives
radiative corrections. The corrected potential is however not expected to develop tachyonic
directions.
In addition to scalars in (Na, N¯b) representations of the gauge group, the spectrum of ori-
entifold compactifications will also contain scalar fields in (anti)-symmetric or (Na,Nb) repre-
sentations of the gauge group. To study the influence of these fields on the existence of non-
supersymmetric local minima, let us consider the same gauge group as before but additional
charged scalars φ12? , φ3?1 and φ23? in (Na,Nb) representations. Restricting the analysis to the
case where the superpotential vanishes at the minimum, 〈W 〉 = 0, some fields must be assumed
to have a vanishing vev. Let us take for instance 〈|φ23|2〉 = 〈|φ23? |2〉 = 0. At this point of the
moduli space, the potential writes, |(W123|2 = |W123? |2 = h2),
V (φi) = h2|φ12|2
(|φ31|2 + |φ3?1|2)+ (|φ12|2 + |φ12? |2 − |φ31|2 − |φ3?1|2 + ξ1)2 (2.16)
+
(−|φ12|2 + |φ12? |2 + |φ23|2 + |φ23? |2 + ξ2)2 + (|φ23? |2 − |φ23|2 + ξ3)2 .
Two cases arise, depending on the flavor spectrum. If there are flavors in all bifundamentals,
it can be shown that the potential (2.16) does not possess any non-supersymmetric minima.
Otherwise, minima can be found for particular choices of flavor spectra. For instance, if there
are no fields in the (N2,N3) representation, I23? = 0, a non-supersymmetric vacuum exist at
points where 〈|φ12|2〉, 〈|φ12? |2〉, 〈|φ31|2〉 6= 0 if the parameters {h2, ξ1, ξ2, ξ3} are in a domain where
D2 = −D1 > 0 , D2 +D3 < 0 , D2 −D3 > 0 . (2.17)
The remaining fields are stabilized at zero vev. The F -term Fφ23 and all D-terms have a non-
zero vev. Supersymmetry is then spontaneously broken, but the charged fields classically have a
positive mass. At the minimum where
〈D2〉 = −〈D1〉 , h2〈|φ12|2〉 = −2〈D2〉 − 2〈D3〉 , h2〈|φ31|2〉 = 4〈D2〉 (2.18)
the mass of the fields stabilized at zero vev are given by
M2φ3?1 ∼ 〈D2〉 − 〈D3〉 , M2φ23 ∼ 〈D2〉 − 〈D3〉 . (2.19)
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whereas the mass matrix of the Higgs fields reads
M2(φ12, φ12? , φ31) =

4〈|φ12|2〉 0 (h2 − 2)〈φ12φ†31〉
0 4〈|φ12? |2〉 2〈φ12?φ†31〉
(h2 − 2)〈φ†12φ31〉 2〈φ†12?φ31〉 4〈|φ31|2〉 .
 (2.20)
Classically, the local minimum is therefore stable.
One may wonder if non-supersymmetic minima exist when the number of simple gauge groups
is bigger than three. To answer that question, let us consider the same example as in section 2.1,
namely a square of abelian gauge groups G = U(1)×U(1)×U(1)×U(1) with the chiral matter
given in Table 2 with minimal flavor numbers |Iab|, |Iab? | = 0, 1. As done previously, the analysis
is restricted to the case where 〈W 〉 = 0. For each triangle of gauge groups with non-vanishing
trilinear couplings, at least one scalar must then have a vanishing vev. At this point of the
moduli space, the scalar potential can for instance be written as
V (φi) = h2|φ12|2
(|φ23|2 + |φ41|2 + |φ23? |2 + |φ4?1|2) (2.21)
+
(|φ12|2 + |φ12? |2 − |φ41|2 − |φ4?1|2 + ξ1)2 + (−|φ12|2 + |φ12? |2 + |φ23|2 + |φ23? |2 + ξ2)2
+
(|φ23? |2 − |φ23|2 + |φ34|2 + |φ34? |2 + ξ3)2 + (|φ34|2 − |φ34? |2 + |φ41|2 − |φ4?1|2 + ξ4)2 .
Again, two cases arise, depending on the flavor spectrum. If all flavor numbers are chosen
to be non-vanishing, it can easily be shown that the potential (2.21) has no other extrema
than the supersymmetric one. Otherwise, extrema are only found at points of the parameter
space {h2, ξ1, . . . , ξ4} for particular flavor configurations. For instance, if there are no flavors in
bifundamental representations
I12? = I24 = I3?1 = 0 , (2.22)
there exists a minimum at points of the moduli space where
〈|φ31|2〉 = 〈|φ34? |2〉 = 〈|φ23? |2〉 = 〈|φ41|2〉 = 〈|φ24? |2〉 = 0
〈|φ12|2〉, 〈|φ34|2〉, 〈|φ23|2〉, 〈|φ4?1|2〉 6= 0
(2.23)
if the parameters {h2, ξ1, . . . , ξ4} are in the domain where
〈D3〉 = 〈D3 −D2〉 = 〈D2〉 > 0 . (2.24)
At these points, the classical mass matrix is a direct product of the mass of scalars with zero
vevs
M2φ34? ∼M2φ23? ∼ 〈D3〉 , M2φ24? ∼ h2〈|φ4?1|2〉+ 4〈D3〉
M2φ41 ∼ h2〈|φ12|2〉+ 4〈D3〉 , M2φ31 ∼ h2〈|φ23|2〉+ 4〈D3〉 ,
(2.25)
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with the mass matrix of the Higgs fields {φ12, φ34, φ23, φ4?1}
M2Higgs =

4〈|φ12|2〉 0 (h2 − 2)〈φ12φ†23〉 (h2 − 2)〈φ12φ†4?1〉
0 4〈|φ34|2〉 −2〈φ34φ†23〉 −2〈φ12φ†4?1〉
(h2 − 2)〈φ†12φ23〉 −2〈φ†34φ23〉 4〈|φ23|2〉 0
(h2 − 2)〈φ†12φ4?1〉 −2〈φ†34φ4?1〉 0 4〈|φ4?1|2〉
 . (2.26)
It can be proven that all mass eigenvalues are positive when the parameters are in the non-
supersymmetric domain (2.24). This case may be easily generalized to any number of gauge
factors with bifundamental matter. Locally stable vacua with supersymmetry is therefore only
possible for particular choices of flavors. In abelian cases, some flavors must be absent in order
to obtain a supersymmetry broken vacuum.
Local non-supersymmetric minima are possible in particular points of the parameter space
spanned by the trilinear coupling h2 and FI-terms ξa. Note that this domain does not overlap
with the supersymmetric domain. Therefore, at a perturbative level, a theory with a given
gauge and matter content can not have a supersymmetric and a non-supersymmetric vacuum at
the same time. This will become obvious in string constructions where the parameter space is
spanned by closed string moduli. Yet, the question of non-perturbative transition between these
two vacua remains open.
3 String Construction
The mechanism presented in section 2 can be implemented in string constructions. Indeed magne-
tized branes in Type IIB orientifold compactifications include its three essential building blocks:
the gauge and matter spectrum, FI-parameters and Yukawa couplings. First, stacks of magne-
tized Dp branes with different magnetic fluxes on their worldvolume have the suitable spectrum.
It leads both to unitary gauge groups and to massless chiral spinors either in bifundamental or
(anti-)symmetric representations of the gauge group. In addition to these, there are scalars in
the same representations whose mass generically depends both on the fluxes and on the volume
moduli of the internal manifold. Then, FI-parameters in the D-term depend on the Ka¨hler
moduli. Trilinear couplings in the superpotential are functions of the complex structure moduli.
The FI-term can be computed by a supersymmetrization of the four-dimensional topological
couplings [12, 13]. Similarly, the Yukawa couplings are obtained by the usual compactification
of the brane action to four dimensions [21]. This has been explicitly done for parallel fluxes [11]
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in a toroidal compactification, while the most general case involving oblique fluxes has not been
fully solved yet [22]. These features arise with strong constraints coming from consistency con-
ditions called RR-tadpole conditions. They ensure the finiteness of one-loop amplitudes and the
cancellation of all anomalies. They then restrict the rank of the gauge groups and the allowed
matter content.
Let us be more precise and focus on toroidal orientifold compactification of K stacks of space-
time filling D9 branes with a U(1)a gauge bundle on their worldvolume, a = 1, . . . ,K. Let us
assume that the connections of these bundles have a constant field strength Fa on the internal
part of the world-volume. The gauge bundle is then characterized by some set of Chern numbers
ma ∈ Q in the internal directions. The corresponding boundary states can be written in terms
of the rotation matrices Ra [23]
Ra = (1− Fa) (1 + Fa)−1 . (3.1)
When these matrices commute [Ra, Rb] = 0, ∀a, b = 1, . . . ,K, the flux are usually called parallel .
The T-dual configuration corresponds to intersecting D6 brane, where the fluxes are mapped
under T-duality to the homology class the different D6 branes wrap [2]. In the more general case
where the rotation matrices do not commute, [Ra, Rb] 6= 0, the fluxes are called oblique [16, 24].
The T-dual configuration involves Dp-Dq configuration of branes with magnetic fluxes on their
worldvolume (”coisotropic” brane)1 [26].
Magnetized D9 branes in toroidal compactification of Type I string theory will be considered
here. The orientifold projection O = Ωp is defined by the worldsheet parity Ωp and therefore leave
the ten-dimensional target-space invariant. The associated orientifold planes are then space-time
filling, giving rise exclusively to O9 planes. The closed string sector is N = 4 supersymmetric.
Even if other choices of orientifold projections may lead to less conserved supercharges, we will
however keep this easy compactification for the sake of simplicity.
3.1 Open string spectrum
Only states which are invariant under the orientifold projection are kept in the physical spectrum.
Since the world-sheet parity Ωp maps the left moving into the right moving sector, the boundary
condition keeps this form, but with inverse reflection matrices (Ra)−1. Using the definition (3.1),
the orientifold projection maps a flux Fa to its mirror flux −Fa. Therefore, in order to have an
1An example of D6-D8 system has been presented in [25]
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invariant configuration of magnetized D9 branes in type I toroidal compactification, both fluxes
Fa and −Fa must be present. The set of stacks of branes must then be augmented. In addition
to the K stacks of Na magnetized D9 branes, there must exist K stacks of Na? branes, with
multiplicities Na = Na? and fluxes Fa? = −Fa.
The whole tower of twisted open strings spectrum is then affected. In addition to the sector of
open strings located on a brane ((aa)-sector) and the open strings stretched between two branes
((ab)-sector), two additional sectors appear. Together, we obtain
• (aa)-sector: The massless states are organized in a N = 4, d = 4 U(Na) vector multiplet.
If the Chan Paton factors are invariant under the projection O(1), the gauge group is
reduced to the orthonormal group SO(2Na) or symplectic group USp(2Na)
• (ab)-sector: Its massless spectrum contains massless chiral SO(1, 3) fermions in the bi-
fundamental representation (Na, N¯b) with some light scalars in the same representations.
Their multiplicities are given by the intersection number Iab defined by
Iab? =
1
(2pi)3
∫
Σ6
[c(Fa) ∧ c(−Fb)]top , (3.2)
• (ab?)-sector: The chiral fermions are in the representation (Na,Nb) and its multiplicity
is given by
Iab? =
1
(2pi)3
∫
Σ6
[c(Fa) ∧ c(−Fb)]top , (3.3)
• (aa?)-sector: Contrarily to the last two cases, this sector is invariant under the orientifold
projection. Only the Chan-Paton degrees of freedom are truncated. Out of the Iaa? chiral
states, I+aa? of them will be in the symmetric representation of U(Na) and I
−
aa? are in the
antisymmetric representation, where
I±ab? =
1
(2pi)3
∫
Σ6
(1± Ωp) [c(Fa) ∧ c(−Fb)]top (3.4)
3.2 FI-terms
Magnetic fluxes on the worldvolume of the Dp branes generate a FI-term in the scalar potential
that can be computed by the supersymmetrization of the four dimensional topological couplings
of the Wess-Zumino action [12,13]. It depends on both the flux quanta Fa and the Ka¨hler moduli
J . In Type I compactification in particular, magnetized D9-branes generate for each U(1)a gauge
components with gauge couplings ga a FI-term ξa
ξa
ga2
= M2s
1
(4pi2α′)3
∫
(F ∧ F ∧ F − J ∧ J ∧ F) (3.5)
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where Fa = 2piα′Fa and ϕ is the dilaton. In the four-dimensional quadratic effective action,
FI-term ξa enters in the D-term with charged fields φi associated to the lowest lying open string
states charged under the U(1)a gauge group. The auxiliary field D then reads
Da =
∑
i
qai |φi|2Kii(φ, φ¯) + ξa , (3.6)
where Kii is the quadratical term of the Ka¨hler potential for charged fields
K(φ, φ¯) =
∑
ij
Kij¯(J, τ, ϕ)φiφ¯j¯ . (3.7)
It depends on the dilaton field ϕ, complex structure τ and twist angles θir as [2]
Kij¯(J, τ, ϕ) = δij¯ e
−ϕV6
3∏
r=1
J−θ
i
r/2
r (Im τ)
θir−β
√
Γ(θir)
Γ(1− θir)
, (3.8)
where Γ(θ) denote the usual Gamma-Functions and β a rational number. The quadratic approx-
imation neglecting higher powers of the charged fields in the Ka¨hler potential (3.7) is however
only valid for small field values v2i := 〈|φi|2〉 M2s .
In absence of any vev for the open string fields v2i ≡ 0, supersymmetry conditions ξa = 0 are
in agreement with the calibration condition given by [27],
Im eiθa (iJ + Fa)3 = 0 , F a2,0 = 0 , (3.9)
for θa-parameter θa = −pi2 , ∀a = 1, . . . ,K. The second set of conditions F a2,0 = 0 arises from the
F-flatness conditions of the geometrical moduli of the Dp-branes. The charged fields φi are then
massless and form, together with a massless chiral fermion, a N = 1 chiral multiplet. Moreover,
the gauge couplings g2a have a polynomial form as the FI-term. It reads
1
g2a
= e−ϕ
1
(4pi2α′)3
∫
(J ∧ J ∧ J − J ∧ F ∧ F) . (3.10)
More generally, for non-zero vev v2i 6= 0, the polynomial form of the FI-term and gauge couplings
remains valid in the quadratic approximation v2i M2s . The supersymmetry conditions Da = 0
relate then the vev v2i of the canonically normalized fields φ˜i with the fluxes quanta and Ka¨hler
moduli
〈Da〉 = 0 :
∑
i
qai 〈|φ˜i|2〉+ 〈ξa(Fa, J)〉 = 0 (3.11)
The charged fields obtain a positive mass from the fluxes. Since the gauge symmetry is sponta-
neously broken by the Higgs phase of the charged fields φi, the U(1) vector bosons also become
massive. Then these form the bosonic part of a massive vector multiplet. More precisely, not only
the charged scalar get stabilized but also a combination of the Ka¨hler and open string moduli.
We will come back to this issue in section 4.
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3.3 Yukawa couplings
Let us now analyze the possible perturbative terms in the charged fields’ superpotential. The
holomorphicity and gauge invariance strongly restrict terms that may arise from magnetized
branes. From the spectrum given in section 3.1, one deduces that linear and quadratic terms are
absent. Assuming the presence of at least three magnetized Dp-branes in Type I string theory,
the first possible contributions are trilinear terms
W (3) =
∑
ijk
WijkTr φiabφ
j
bcφ
k
ca +
∑
ijk
WijkTr φiabφ
j
ba?φ
k ±
a?a (3.12)
where in the second term, the bifundamental fields φiab and φ
j
ba? must be correctly (anti-) sym-
metrized, depending on the representations of the field φk ±aa? . For systems of magnetized D9-
branes with parallel fluxes, trilinear couplings depend on the Theta-functions as [11]
W ijk(τ) =
3∏
r=1
θ
 δrijk
0
 (0, τ (r)|IrabIrbcIrca|) (3.13)
where the indices i, j, k indicate the flavor dependance and
δrijk =
i(r)
I
(r)
ab
+
j(r)
I
(r)
ca
+
k(r)
I
(r)
bc
; i, j, k(r) = 0, . . . , |Iab|(r) − 1 (3.14)
We then see that for each non-trivial triangle (a, b, c) where I(n)ab , I
(n)
bc , I
(n)
ca 6= 0, there will be a
trilinear coupling in the superpotential that depends on the complex structure of the internal
torus. The same is expected to be true for oblique fluxes, even if its generalization is not yet
known.
Let us apply the superpotential (3.13) to the structure of the N = 1 vacua of magnetized D9
branes. We analyze magnetized branes in a Higgs phase, namely when some of the matter scalars,
either in (anti-)symmetric or the bifundamental representation, acquire a non-trivial background
value. Aside from the D-flatness conditions discussed in section 3.2, there is a second set of
conditions for the existence of supersymmetric vacua that come from the F-flatness conditions
〈Fi〉 := 〈DφiW 〉 = 0 (3.15)
where DΦi denotes the covariant derivative in respect to the chiral fields Φi, Dφi = ∂φi + ∂φiK.
In our analysis, we will focus on the stronger Minkowskian constraints
∂φiW = W = 0 . (3.16)
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This implies that for each ”triangle” at least two fields must have a zero vev in order to form a
supersymmetric vacuum. In addition to Yukawa couplings, trilinear terms in the superpotential
give rise quartic scalar couplings. Therefore, even if the F -flatness conditions are satisfied, the
charged fields cannot be stabilized only by this F -term. A mass term can only be lifted if
additional terms in the scalar potential are added. Since µ-terms are absent of the perturbative
superpotential, combined effect of trilinear terms in the superpotential and FI-terms in the D-
terms will be analyzed here.
3.4 Tadpole conditions
In compactifications on compact manifolds, the conditions presented in sections 3.2 and 3.3
are not sufficient for supersymmetry. In a global construction, additional conditions must be
imposed to obtain consistent supersymmetric models. Indeed, magnetized branes induce tadpole
couplings depending on the flux quanta in the internal space and the rank of the gauge group of
the different stacks. For compact internal manifolds, the sum of the overall RR-tadpole charges
must vanish. The possible flux configuration and gauge group are then restricted. It ensures in
particular that the spectrum is anomaly-free. In type I string theory, these conditions read [28]∑
a
NadetWa = 16 ,
∑
a
NadetWa
∫
ΠA4
Fa ∧ Fa = qAO5 (3.17)
where detWa denotes the winding matrix of the brane over the torus. In orientifold compactifi-
cation considered here, 5-brane charges qAO5 all vanish since the orientifold projection leaves the
ten-dimensional spacetime invariant.
4 Scalar potential from F and D-terms
In section 3, it has been shown how magnetized branes naturally contribute to the superpotential
and D-term of their four-dimensional effective action. We want to apply these results to a new
mechanism to generate a potential and stabilize the twisted open string moduli. As it has been
shown in section 2, the combined effects of F -term and D-term to the scalar potential give rise to
local minima for the charged fields that may be either supersymmetric or non-supersymmetric,
depending on the values of the FI-parameters ξa(J,Fa) and trilinear couplingsWijk(τ). Moreover,
in presence of multiple stacks of branes with bifundamental or (anti)-symmetric scalars at their
intersection, the consistency of D-flatness conditions of the different branes also restrict the
possible values of the FI-terms and gives a mass term for the Ka¨hler moduli.
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In addition to these recombination fields, there also exists adjoint scalars from the lowest
excitation of the untwisted sector that enters in the N = 4, d = 4 U(Na) vector multiplet in
toroidal compactification. Their stabilization goes beyond the scope of this paper. However, they
can be explicitly projected out from the massless spectrum in compactifications where massless
string excitations in the untwisted open string sector preserves N = 1 supersymmetry, e.g. in
Calabi-Yau compactification. Note that since D9 branes cover the entire ten-dimensional space,
there are no geometric moduli that parametrize their position in the internal space. For lower
dimensional branes however, their stabilization has been treated in [5–7].
Let us be more specific and restrict our analysis to the case where the value of the superpo-
tential at the vacuum vanishes 〈W = 0〉. The FI-term (3.5), the superpotential (3.13) and the
Ka¨hler potential (3.7) lead to the scalar potential for the unnormalized charged fields of the form
V (φi, J, τ, ϕ) =
∑
i(K
−1)ii(J, ϕ)Fi(τ, φi)F ?i (τ, φi) +
∑
a g
−2
a
(∑
i q
a
iKi¯i|φi|2 + ξa(J,Fa)
)2
= (K−1)i¯i
(
W jki W
? mn
i φjφkφ
?
mφ
?
n
)
+
∑
a g
−2
a
(∑
i q
a
iKi¯i|φi|2 + ξa(J,Fa)
)2
(4.1)
4.1 Supersymmetric minima
Since both F and D-term contributions to the scalar potential (4.1) are positive, the global
minimum sits at the supersymetric points 〈Fi〉 = 〈Da〉 = 0. In type II compactification, for
all ”triangles ” of branes (a, b, c) where Wijk 6= 0, the Fi-flatness condition 〈Fi〉 = 0 restricts
the moduli space to point where all charged fields but one must have a vanishing vev, while
they do not constraint the remaining one. D-flatness conditions 〈Da〉 = 0 related the vev
of the unconstrained fields to the value of the FI-parameters, and consequently to the Ka¨hler
moduli. However, as in the toy models presented in section 2, consistency of the supersymmetric
conditions of different abelian factors restricts the possible FI-parameters. Then, if the number
of stacks is greater than the number of charged fields unconstrained by the F -flatness, D-terms
also stabilize the Ka¨hler moduli, as in the mechanism presented in [17].
For the unnormalized charged fields whose vev is fixed at the origin by F -term, the mass
〈φJ〉 = 0 : M2φJ = (K−1)i¯i
(∑
kn
W Jki W
? Jn
i 〈φk〉〈φ?n〉
)
(4.2)
depend on the vev 〈φk〉. For exclusively trilinear terms in the superpotential, the F -term is
therefore not sufficient to stabilize the moduli. Combined effects of F and D-terms must be
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considered. D-term contributions determines the vevs of the unconstrained fields in terms of the
FI-terms and consequently in terms of the Ka¨hler moduli.
Taking into account that at most one field in each ”triangle” acquires a non-vanishing vev in
a supersymmetric vacuum, the mass of the correctly normalized fields φ˜J
M2
φ˜J
= (K−1)JJ¯
∑
i ,n
(K−1)i¯i(K−1)nn¯W Jni W
? Jn
i 〈|φ˜n|2〉
 (4.3)
is a function of the vev of the metric moduli via the trilinear couplings and Ka¨hler potential.
On the other hand, the mass of Higgs fields does not depend on the trilinear couplings.
Indeed, since on each ”triangle” only one field may acquire a non-vanishing vev without breaking
the F -flatness, the mass of the normalized field whose vev is 〈|φ˜k|2〉 = −ξa/qak reads
M2
φ˜k
∼ 〈|φ˜k|2〉
∑
b
(qbk)
2 and 〈|φ˜k|2〉 = − ξa
qak
, ∀a where qak 6= 0 . (4.4)
Two separate cases arise depending on their charges qak . For bifundamental φab and (anti)-
symmetric φaa? fields, we then obtain
φab : M2φ˜ab ∼ 2〈|φ˜ab|
2〉 where 〈|φ˜ab|2〉 = −ξa = ξb
φaa? : M2φ˜aa?
∼ 4〈|φ˜aa? |2〉 where 〈|φ˜ab|2〉 = −ξa/2 .
(4.5)
In orientifold compactifications where the intersection numbers Iab and Iab? do not vanish, there
are bifundamental fields both in (Na, N¯b) and (Na,Nb) representations. F -terms then leave two
fields unconstrained, as explained in section 2.2. Their mass and vev are given in terms of the
FI-terms ξa and ξb as
〈|φ˜ab|2〉 = ξb − ξa , 〈|φ˜ab? |2〉 = −ξb − ξa : M2φ˜K ∼ 2〈|φ˜K |
2〉 (4.6)
In the quadratic approximation, the vevs must be small in comparison with the string scale.
Consequently, the scalar mass (4.4) of the Higgs fields must be much smaller than the string
Mass, Mφ˜K  Ms. Moreover, since the trilinear couplings (3.13) depend exponentially on the
complex structure, there may exist a second hierarchy of masses. Indeed, points of the closed
string moduli space exist where the trilinear couplings and Ka¨hler potential are very small. In
these points, the masses (4.3) will be hierarchically smaller than the Higgs masses (4.4).
Most of the recombination fields are therefore stabilized by the combined effects of F - and
D-terms. As explained in section 2, the mechanism has some limitations. On one hand, a
full stabilization is only achievable if the number of flavors fixed by D-term is minimal, i.e
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Iab = 1. Indeed, each D-flatness condition restrict a single field for each U(1)a gauge factor.
Supplementary chiral fields in this family will therefore be flat directions of the scalar potential.
On the other hand, this method is restricted to fields charged under the abelian subgroup of
the gauge symmetry. Indeed, in order to stabilize some scalars at non-zero vevs, it is crucial to
have constant terms in the D-terms. Positive masses from D-terms are therefore only possible for
non-vanishing FI-terms. This can only be implemented for abelian factors of the gauge symmetry.
Ka¨hler moduli can also be stabilized by D-terms. As it has been shown in section 2, D-
flatness conditions arising from different U(1) factors can only be consistent if the FI-terms
ξa are restricted in some particular domains. Since they depend on flux quanta and Ka¨hler
moduli, these restrictions can be interpreted as a Ka¨hler moduli stabilization. The stabilization
mechanisms works as follows. The F and D-flatness conditions stabilize most of the open string
moduli. If the number of fields charged under the abelian groups is smaller than the number
of U(1) factors, D-flatness conditions will constrain the Ka¨hler moduli via the FI-terms. For
instance, in the case of three magnetized brane with antisymmetric matter, the FI-term of one
of the abelian factor must vanish. A least a Ka¨hler modulus is then stabilized.
4.2 Non-supersymmetric Vacua
One may ask if the scalar potential (4.1) possesses other minima for the charged fields than the
global minimum studied in section 4.1 . These local minima arise at points of the field space
where some F and D-terms would not vanish. Supersymmetric is then broken. It is possible
when the system of equations formed by F - and D-flatness conditions is overconstrained. This
would happen when the number of unconstrained matter fields and Ka¨hler moduli is smaller
than the number of U(1)a factors.
As shown in section 2, there is a domain of the parameter space where non-supersymmetric
minima for all charged fields exist. For instance, in the case of a single ”triangle” of three abelian
gauge group, the domain is given by eq (2.13) and relates the Yukawa couplings to the FI-terms.
In string compactifications, these parameters depend on the closed string moduli. For certain
regions of the closed string moduli space, there may exist classically stable non-supersymmetric
vacua.
This situation can be explicitly be implemented by two sets of stacks of magnetized branes
that can be called hidden and visible sector. In the first sector, supersymmetry is preserved. The
number of branes is large enough to stablize all its matter and metric moduli by the mechanism
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presented in section 4.1. The tadpole conditions are however not satisfied. A second sector
must be added such that the total RR charges vanish. Its gauge symmetry and matter content is
chosen in such a way that the scalar potential possesses only a local non-supersymmetric minima.
It may be achieved only if the closed string moduli are stabilized by the first sector in a suitable
domain. In the visible sector, supersymmetry is then spontaneously broken by a combined F -
and D-terms and all charged scalars acquire a positive mass.
This forms a consistent construction when RR-tadpole conditions are satisfied and therefore
all anomalies cancelled. However, since supersymmetry is broken, a non-vanishing NSNS-tapdole
remain. Contrarily to the superpotential, 〈W 〉=0, some F and D-terms have a non-zero vev. The
value of the scalar potential (4.1) at the minimum is then strictly positive. Once the massive
Ka¨hler and complex structure deformations are integrated out, the scalar potential becomes
an effective potential for the dilaton. Since the Yukawa coupling and D-terms arise from disk
amplitudes, it has a runaway behavior, Vmin(ϕ) = V0e−ϕ > 0. The equation of motion for the
dilaton field can therefore not be satisfied at finite values. In cases where the backreaction of the
dilaton tadpole has been analyzed, it was found that the constructions in type II string theory
stabilize the dilaton at strong coupling [29–31]. One may ask under what conditions could the
dilaton be fixed at weak coupling. Solutions to this problem will be adressed in a later work [20].
5 Supersymmetric model
We present in this section a model of magnetized D9 branes in toroidal compactification of Type
I string theory where a global N = 1 supersymmetry is conserved. We do not aim at presenting
here fully realistic model whose low energy behavior reproduces the standard model. We will
show the existence of consistent compactifications with some closed and open string moduli
stabilized in a supersymmetric configuration. To achieve that aim, the magnetic fluxes and the
rank of the Chan-Paton matrices are chosen to satisfy the RR-tadpole conditions. In absence of
any orbifold projections, the 5-brane charges induced by the different magnetized branes must
add to zero, while their 9-brane charges must add to 16.
This determines the rank of the gauge groups and the family replication of the matter content
as explained in section (3.1). Here, six stacks with parallel fluxes F ai = F
a
xiyi are introduced as
given in Table 3. Their gauge symmetry is a product of six abelian factor plus SU(2) × SU(4)
gauge group with chiral matter fields φkab and φ
k
ab? in bifundamental representations of each
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]1 ]2 ]3 ]4 ]5 ]6
Na 1 1 1 1 2 4
(F1, F2, F3) (8, 5, 1) (7, 2, 0) (4, 5, 3) (3, 4, 2) (0, 12,−18) (−1, 17, 6)
Table 3: Set of consistent branes with parallel fluxes. They are characterized by the rank Na of
their unitary gauge group and by their flux quanta F ai in the directions (xiyi) of the torus. In
third line are given the vev of the charged field at the minimum in string units. Note that the
winding matrix is taken to be the unit matrix
”intersections” (ab) and (ab?). Charged fields in antisymmetric representations appear only in
stack with SU(4) gauge group, φk6 6? , where k denotes here the flavor index of each chiral family.
Six additional stacks of branes have oblique fluxes identical to the one of [17]. They give rise to
six abelian gauge groups without chiral matter.
It can easily be seen that the twelve stacks given in Table A and 3 satisfy all RR-tadpole
conditions. One can then analyze the associated superpotential and D-term and look for super-
symmetric minima. The holomorphic variables are chosen such that the trilinear couplings in
the superpotential reads
W =
6∑
a=3
∑
ij
W ij12a φ12 φ
i
2a φ
j
a1 +
6∑
a=3
∑
ij
W ij12a? φ12 φ
i
2a? φ
j
a?1 (5.1)
+
6∑
b=5
∑
ij
W ij34b φ34 φ4b φb3 +
6∑
b=5
∑
ij
W ij34b? φ34 φ
i
4b? φ
j
b?3 +
∑
ijk
W ijk566? φ
i
56 φ
j
5?6 φ
k
66? ,(5.2)
where the sum over i, j, k run over the flavor indices. Since the intersection numbers I12 and
I34 are equal to one, the chiral fields φ12 and φ34 do not cary any flavor indices. The couplings
W ij1,2,3,4 are given in eq (3.13). In addition to the complex structure, these also depend to the
relative Chern numbers on each triangle.
The F -flatness conditions Fφab = 0 and Fφab? = 0 ( at zero superpotentiel W = 0 ) for the
chiral fields φab and φab restrict all scalars but three to have zero vev. They however acquire a
mass from the F-term potential only if the unconstrained scalars φ12, φ12? , φ34, φ34? and φk66?
possess a non-vanishing vev. Indeed, their mass reads
M2φ1a ∼M2φa2 ∼M2φ2a? ∼M2φa?1 ∼ 〈|φ12|2〉
M2φ4a ∼M2φa3 ∼M2φ4a? ∼M2φa?3 ∼ 〈|φ34|2〉
M2φ56 ∼M2φ5?6 ∼ 〈|φk66? |2〉 .
(5.3)
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We are therefore left with five unconstrained charged fields. These can be in turn stabilized by
the D-flatness condition arising from the six abelian factor of the six branes with parallel fluxes.
They read 
D1 = (|φ12|2 + |φ12? |2 + ξ1) , D2 = (−|φ12|2 + |φ12? |2 + ξ2)
D3 = (|φ34|2 + |φ34? |2 + ξ3) , D4 = (−|φ34|2 + |φ34? |2 + ξ4)
D5 = ξ5 , D6 = 2
∑
k |φk66? |2 + ξ6
(5.4)
The supersymmetry conditions Da = 0, ∀a = 1, . . . , 6 can be simultaneously satisfied if and only
if the open string moduli and FI-term ξa are constrained to be in the domain where
v212 ≡ |φ12|2 = ξ2 − ξ1 , v234 ≡ |φ34|2 = ξ4 − ξ3
v212? ≡ |φ12? |2 = −ξ2 − ξ1 , v234? ≡ |φ34? |2 = ξ4 − ξ3
ξ5 = 0 and v26 ≡ |φk66? |2 = −ξ6 .
(5.5)
The FI-terms ξa(F a, J) depend on the flux F a on the brane and the Kahler moduli J . Since
the off-diagonal Ka¨hler moduli are stabilized by the D-term of the stacks with oblique fluxes,
there are three unconstrained Ka¨hler moduli describing the volume of the two-tori [16, 17]. The
supersymmetry conditions 5.4 form a system of six equations for eight variables v212, v
2
34, v
2
6 and
J1, J2, J3. It turns out that for the choice of fluxes given in Table 3, there exists two flat directions
corresponding to the volume of two of the three two-torii. Only a single Ka¨hler modulus is
stabilized by D-term. In the open string moduli space, there are therefore flat direction only in
the direction of the antisymmetric scalars φl66? that are not fixed by the D-flatness condition of
the U(1)6 gauge factor.
This model is particular in many aspects. First, the number of families in sectors (12) and
(34) has been chosen to be minimal. If this would not be the case, only a single field would be
stabilized, while the rest would remain massless. Moreover, the abelian gauge groups has played
a central role. A non-vanishing FI-parameters ξa could then be introduced. This allowed then
the charged fields to acquire a positive mass. For more general gauge groups, FI-term can only
be introduced in Cartan subalgebra. Therefore, only fields charged under the Cartan subgroup
of some gauge group may be stabilized at non-zero vev. Another consequence of the abelian
gauge group is the absence of fields in antisymmetric representations. The number of charged
fields unconstrained by F -flatness conditions has then been reduced from six to three, allowing
in turn to stabilize both open string and Ka¨hler moduli.
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6 Conclusions
In this article, magnetized branes in Type I compactifications have been considered. The com-
patibility between local conditions of supersymmetry and the global issues of tadpole conditions
is analyzed. Both conditions are incompatible in toroidal compactification. Indeed, the super-
symmetry conditions in is a calibration condition on the worldvolume geometry of the different
magnetized branes, which can not be satisfied simultaneously with the cancellation of all 5-brane
charges induced by the branes.
But interpreted as a D-flatness condition, the calibration condition can be generalized to
cases where charged fields are present. When some of them acquire a non-vanishing vev, the
supersymmetry condition is modified, whereas the tadpole conditions remain the same. It is
shown that in the quadratic field theoretical approximation, both local and global conditions can
be satisfied simultaneously.
Arguments for the vacuum stability have been given. In usual compactifications, the charged
scalars describe flat directions of the scalar potential. Their vevs are therefore not determined.
For magnetized branes however, non-trivial perturbative potential can be generated from F and
D-term contributions. Indeed, trilinear couplings of the superpotential imply the presence of
quartic couplings for the charged scalars. Together with the D-term contributions in presence
of non-vanishing FI-term, they form a potential that possesses local minima. Under minimal
assumptions on the spectrum, global supersymmetry exists in principle with most of the charged
scalars stabilized. Some of them are stabilized at points of the moduli space with non-vanishing
vev. Gauge symmetry is therefore spontaneously broken with a light Higgs. Furthermore, a
hierarchy of scalar masses can be naturally implemented by the exponential difference between
the F -term couplings and FI-terms.
It has then been shown what conditions must be set on the spectrum so that metric moduli
are also stabilized by magnetized branes. Once the charged fields are stabilized, Ka¨hler moduli
are in turn stabilized by D-terms. Complex structure moduli also acquire a positive mass by
F -terms. In principle, metric moduli and charged fields can be perturbatively stabilized in a
Minkowski space. An explicit toroidal example with chiral spectrum has been provided where a
supersymmetric vacuum exists. There, most of the charged fields and some Ka¨hler moduli are
fixed by the combined effects of F and D-terms.
Beyond the global minimum, the existence of local non-supersymmetric vacua has been
analyzed. It was shown that there are points of the metric moduli space for which non-
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supersymmetric vacua exist and where the charged scalars have positive classical mass. These
constructions are free of open string tachyons and therefore locally stable. However, even for
constructions where all RR tadpoles are cancelled, there remains a disk tadpole for the dilaton
field. One must therefore go beyond orbifold compactification to construct a non-supersymmetric
locally stable theory. Effects arising from other orders in the string perturbation theory must be
added to be able to solve the equation of motion of the dilaton. This problem will be addressed
in a later work [20].
The theories with supersymmetric vacua are different from the ones with non-supersymmetric
vacua. Their Chan Paton factors and flux quanta differ a priori. Therefore, they have different
gauge groups and different matter content. It would be of great interest to understand the
transition via nucleation of branes from one vacuum to the other, as in [31].
One has also gone a step further in the understanding of the Higgs sector of Type I string
theory. One has proposed a mechanism to generate a scalar potential for the Higgs fields from
both F and D-terms leading to non-trivial minima. It would be interesting to implement this
method in more realistic models in order to have a more predictive scenario from string theory
for the sector of spontaneous breaking of gauge symmetry.
In a more conceptual viewpoint, a deeper analysis of the charged scalar’s Ka¨hler potential is
essential. The stabilization mechanism presented here relies on its quadratic approximation. A
true identification of the canonical coordinates of the open string and Ka¨hler moduli space and
their stabilization imply a knowledge of Ka¨hler potential beyond this approximation.
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A Table A
Stack] Multiplicity Fluxes 5− brane localization
]1 N1 = 1 (F 1x1y2 , F
1
x2y1) = (1, 1) [x3, y3]
]2 N2 = 1 (F 2x1y3 , F
2
x3y1) = (1, 1) [x2, y2]
]3 N3 = 1 (F 3x1x2 , F
3
y1y2) = (1, 1) [x3, y3]
]4 N4 = 1 (F 4x2x3 , F
4
y2y3) = (1, 1) [x1, y1]
]5 N5 = 1 (F 5x1x3 , F
5
y1y3) = (1, 1) [x2, y2]
]6 N6 = 1 (F 6x2y3 , F
6
x3y2) = (1, 1) [x1, y1]
This table presents a configuration of oblique fluxes that lead to the stabilization of all complex
structure and all off-diagonal Ka¨hler moduli of the torus. The last column shows the localization
of the 5-brane tadpoles induced by the flux quanta. The resulting shape is a square torus
T 2 × T 2 × T 2 with τij = iδij .
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